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(54) [Title of the Invention] LIQUID CRYSTAL DEVICE AND METHOD FOR 
PRODUCING THE SAME 
(57) [Abstract] 

PROBLEM TO BE SOLVED: To provide a low-cost color display liquid crystal device 
without using a color filter. 

SOLUTION: A black matrix 4 also serving as a partition wall is formed on a substrate 1 
where an electrode 2 is formed. The openings of the black matrix 4 are used as cells 
and each cell is applied with ink containing a dichroic dye by an ink-jet method. 
Further, a host liquid crystal is applied to each cell and mixed with the dichroic dye. A 
counter substrate 6 having an electrode 8 formed is attached to the substrate 1. The 
cells filled with a liquid crystal composition are used as color pixels to display an image 
by a guest-host mode. 
[Claims] 
[Claim 1] 

A liquid crystal device at least provided with a pair of substrates, a liquid 
crystal composition which is sandwiched between the substrates, and an electrode for 
driving the liquid crystal composition, characterized in that the liquid crystal 
composition is stored in cells divided independently of each other by a partition wall so 
as to form each color pixel; the liquid crystal composition of each the color pixel is 
formed of a mixture of a dichroic dye which has one color selected from a combination 
of a plurality of colors and a host liquid crystal: and light modulation is performed by a 
guest-host mode. 
[Claim 2] 

The liquid crystal device according to claim 1 , wherein the host liquid crystal 
has a nematic phase, and in the nematic phase, an orientation direction of liquid crystal 
molecules is changed by application of voltage to perform light modulation. 
[Claim 3] 

The liquid crystal device according to claim 2, wherein the host liquid crystal 
has homogeneous orientation when voltage is not applied, and the dichroic dye is a 
p-type. 
[Claim 4] 

The liquid crystal device according to claim 2, wherein the host liquid crystal 
has homeotropic orientation when voltage is not applied, and the dichroic dye is an 
n-type. 
[Claim 5] 
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The liquid crystal device according to claim 1, wherein the liquid crystal 
composition performs light modulation by a phase transition type liquid crystal mode. 
[Claim 6] 

The liquid crystal device according to any of claims 1 to 5, wherein the 
partition wall is black. 
[Claim 7] 

The liquid crystal device according to claim 6, wherein the partition wall is 
formed of a black resin. 
[Claim 8] 

The liquid crystal device according to any of claims 1 to 7, wherein the height 
of the partition wall is from 0.3 to 20 ^m. 
[Claim 9] 

The liquid crystal device according to any of claims 1 to 8, in which an active 
matrix driving mode is employed in each pixel provided with an active device. 
[Claim 10] 

A method for producing the liquid crystal device according to any of claims 1 
to 9, characterized by forming the partition wall over one substrate; applying a dichroic 
dye which has a predetermined color and a host liquid crystal to each pixel region 
surrounded by the partition wall under reduced pressure; and after attaching the other 
substrate, returning to a normal pressure state. 
[Claim 11] 

The method for producing the liquid crystal device according to claim 10, 
wherein after attaching the other substrate, heat treatment is performed. 
[Claim 12] 

The method for producing the liquid crystal device according to claim 10 or 
claim 11, wherein a method for applying the dichroic dye is performed by an ink-jet 
method. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to a color display liquid crystal device which is 
used for color televisions, personal computers, pachinko amusement machines, and the 
like, and a method for producing the same. 
[0002] 
[Prior Art] 

Until now, a method by which transmitted light or reflected light is colored 
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using color filters having coloring portions of R (red), G (green), and B (blue) each 
corresponding to a pixel have been utilized to obtain a color liquid crystal device. In 
addition, as a method other than this, a so-called field sequential mode in which a 
plurality of backlights each having different emission wavelength is installed behind a 
liquid crystal device to switch a liquid crystal in synchronization with switching of the 
backlights, or the like, has been used. 
[0003] 

[Problems to be Solved by the Invention] 

In a conventional liquid crystal device using color filters, technique to produce 
minute color filters with high accuracy is demanded to arrange a coloring portion in 
each pixel. For a method for producing a color filter, a pigment dispersion method is 
used in general. However, in this method, photoresists for at least three colors are 
used; and a step of uniformly applying each photoresist to a substrate and processing by 
a photolithography method is required to be repeated three times. Accordingly, 
production cost of the color filter has been highly increased, which has been an obstacle 
to reduces cost of the liquid crystal. 
[0004] 

Further, in a method using a so-called guest-host mode in which a dichroic dye 
is added to a liquid crystal, there has not been a way of arranging pixels each having 
different color in a plane, and a way of using three liquid crystal cells being overlapped 
with each other by subtractive mixture has been used. Therefore, although expensive 
color filters are not used, there are problems that production cost is increased and a 
viewing angle become very small due to generation of parallax caused because the cells 
are used while being overlapped with each other. 
[0005] 

Furthermore, in the method using the field sequential mode, there is a problem 
that cost is increased because a backlight which switches light emission color at very 
high speed and a liquid crystal which has high-speed response are required to be used, 
and further, a circuit for driving the backlight and the liquid crystal in synchronization 
with each other is required. 
[0006] 

An object of the present invention is to solve the above problems and to 
provide a favorable color liquid crystal device at low cost without requiring a 
complicated production process. 
[0007] 

[Means for solving the problems] 
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A liquid crystal device of the present invention is a liquid crystal device at least 
provided with a pair of substrates, a liquid crystal composition which is sandwiched 
between the substrates, and an electrode for driving the liquid crystal composition, 
which is characterized in that the liquid crystal composition is stored in cells divided 
independently of each other by a partition wall so as to form each color pixel; the liquid 
composition of each the color pixel is formed of a mixture of a dichroic dye which has 
one color selected from a combination of a plurality of colors and a host liquid crystal; 
and light modulation is performed by a guest-host mode. 
[0008] 

The present invention includes a preferable mode in which the host liquid 
crystal has a nematic phase, and in the neamtic phase, an orientation direction of liquid 
crystal molecules is changed by application of voltage to perform light modulation or in 
which the liquid crystal composition performs light modulation with a phase transition 
type liquid crystal mode. The former includes a preferable mode in which the host 
liquid crystal has homogeneous orientation when voltage is not applied and the dichroic 
dye is a p-type, or the host liquid crystal has homeotropic orientation when voltage is 
not applied and the dichroic dye is an n-type. 
[0009] 

Furthermore, in the present invention, a preferable mode is included in which 
the partition wall is black, specifically, formed of a black resin; the height of the 
partition wall is from 0.3 to 20 nm; and each pixel has an active matrix driving mode 
which includes an active device. 
[0010] 

Moreover, the present invention is to provide a method for producing a liquid 
crystal device of the invention, which is characterized by forming a partition wall over 
one substrate; applying a dichroic dye which has a predetermined color and a host liquid 
crystal to each pixel region surrounded by the partition wall under reduced pressure; and 
after attaching the other substrate, returning to a normal pressure state. 
[0011] 

The present invention includes preferable modes in which after attaching the 
other substrate, heat treatment is performed, and a method for applying the dichroic dye 
is performed by an ink-jet method. 
[0012] 

[Mode for Carrying Out the Invention] 

FIG. 1 schematically shows a cross section of an embodiment of a liquid 
crystal device of the present invention. In the figure, reference numerals 1 and 6 
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denote substrates; 2, a common electrode; 3 and 9, orientation films; 4, a black matrix 
which also serves as a partition wall; 5, a liquid crystal composition; 7, an active device; 
and 8, a pixel electrode. This embodiment illustrates an example of a device in which 
the active device 7 is disposed for each pixel and the liquid crystal composition 5 in 
each pixel is driven by an active matrix mode. 
[0013| 

In the liquid crystal device of the present invention, the substrates 1 and 6 are 
disposed to face each other and the liquid crystal composition 5 is sandwiched 
therebetween. The liquid crystal composition 5 of each pixel is stored in a cell divided 
independently of each other by the partition wall 4, which constitutes each color pixel. 
[0014] 

The liquid crystal composition used in the present invention is a guest-host 
mode liquid crystal composition in which a dichroic dye is dissolved in a host liquid 
crystal having a phase such as nematic, cholesteric or chiral nematic; smectic or chiral 
smectic; or the like, in which the dichroic dye is selected so that any one of a 
combination of at least two colors is provided in accordance with a predetermined 
colored pattern for each pixel. 
[0015] 

A plurality of modes and uses of the liquid crystal device of the present 
invention can be considered depending on the liquid crystal composition which is to be 
used. The following structures are given as examples; however, the present invention 
is not limited to these. 

(1) A liquid crystal device in which a dichroic dye which has a color of R, G, or B is 
mixed into each pixel. 

(2) A liquid crystal device in which a dichroic dye which has a color of yellow (Y), 
cyan (C), or magenta (M) is mixed into each pixel. 

(3) A reflective type liquid crystal device in which a dichroic dye which has a color of 
Y, C, or M is mixed into each pixel and a reflective layer is provided behind the device 
or in the device. 

(4) A liquid crystal device in which a dichroic dye which has a color of R, G, or B and 
a dichroic dye which is different from the aforementioned dichoic dye in absorption 
anisotropy and has black color are mixed into each pixel at the same time. 

(5) A reflective type liquid crystal device in which a dichroic dye which provides a 
color of Y, C, or M and a dichroic dye which is different from the aforementioned 
dichroic dye in absorption anisotropy and provides black color are mixed into each pixel 
at the same time, and a reflective layer is provided behind the device or in the device. 
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[0016] 

As described above, various kinds of modes can be used as the host liquid 
crystal used in the present invention. A mode which uses a liquid crystal having a 
normal nematic phase is disclosed in G. H. Heilmeier and L.A. Zanoni : Appl. Phys. 
Lett., 13 (1968) 1622-, and the like. In addition, a so-called white Taylor mode which 
uses a chiral nematic liquid crystal and displays an image by utilizing phase transition, 
is disclosed in D.L.VVhite and G. N. Taylor: J . Appl. Phys., 45 (1974) 4718-, and the 
like. Furthermore, a liquid crystal mode having a smectic phase is disclosed in S. Lu 
et.Al.,: 1982 in SID Int'l Symp. Digest of Tech. Papers, 238-, and the like. A mode 
using a chiral smectic phase is disclosed in F. Nakano. et.al.,: 9th Int'l Liq. Cryst. Conf. 
Abstract, (1982) 338, J-2p., and the like. Note that a liquid crystal mode is not limited 
to these liquid crystal modes in the present invention. 
[0017] 

Here, a guest-host mode of the present invention is described. 

[0018] 

A liquid crystal material has a property to make other compound molecules 
having a proper molecular arrangement or a mode which are added to the liquid crystal 
take its own arrangement. This property is a base of the guest-host mode liquid crystal 
device. In this device, a host liquid crystal has orientation controlled by application of 
an electric field or a magnetic field, and the orientation drives, for example, guest 
molecules of pleochroic dye to arrange. The pleochroic dye is a dye in which 
absorption properties vary in accordance with a change in a direction of electric vector 
of light which is incident on its own molecular arrangement. An appropriate 
pleochroic dye is a molecule extended in a stick shape, and the molecule hardly absorbs 
light passing along its major axis; however, the molecule absorbs light having an 
electric vector in a direction along the major axis of the molecule to the maximum. 
[0019] 

Such a pleochroic dye molecule can be orientated in accordance with the 
orientation of the liquid crystal molecule in host liquid crystal, and has an advantage of 
being able to be used in a guest-host mode classified into two modes based on each of a 
nematic phase (Fredericks transition effect) and cholesteric- nematic phase transition. 
[0020] 

In a nematic phase mode, a host liquid crystal is orientated from the first by 
orientation processing of a surface inside the device containing a host liquid crystal. 
This orientation varies by applying an electric field between electrodes of a device. A 
guest dye molecule also changes an orientation direction with the change; a change 
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occurs in absorption of light passing along an axis of an electric field, whereby an 

electro-optic display which can perform switching can be obtained. 

[0021] 

In addition, in a cholesteric-nematic phase transition mode, a host liquid crystal 
has a positive dielectric anisotropy, and is an optically active compound in which a 
cholesteric meso-phase having a spiral arrangement (a focal conic state) with a long 
pitch in a short range or the one including the optically active compound. In the liquid 
crystal device of this mode, because the orientation is only in a short range in an off 
state where voltage is not applied, incident light is scattered. However, when an 
electric field is applied and the liquid crystal device is turned to be an on state, straight 
nematic arrangement which is parallel to the electric field can be obtained. The 
nematic arrangement produces optional guest dye molecular orientation which is 
parallel to the electric field, and gives a minimum absorption in that direction. As 
described, a display in which scattering hardly occurs in the on state, and which can 
switch between an on state and an off state can be obtained. The guest dye molecule 
enhances contrast between these two states. 
[0022] 

A phase transition type guest host display mode in which display is performed 
by utilizing coloring variation based on the cholesteric-nematic phase transition has 
characteristics of high contrast without using a polarizing plate, no viewing angle 
dependency, brightness of entire display, high-speed response, and the like, which is 
particularly promising as a reflective type liquid crystal display. In the phase 
transition type guest host display mode, liquid crystal molecules have a Grandjean 
texture in which the liquid crystal molecules sequentially twist around the orientation 
direction as the liquid crystal molecules proceed in a direction perpendicular to an 
electrode surface; thus, dichroic dye molecules absorb light which is biased to an 
optional direction and exhibit color strongly. On the other hand, both of dye 
molecules, and liquid crystal molecules have homeotropic alignment which are 
perpendicular to an electrode surface at the time of electric field application, transmit 
incident light almost completely, and provides a color of a reflective plate (or an opaque 
substrate). 
[0023] 

It is important that guest dye molecules have orientation as close as possible to 
an average orientation of host liquid crystal molecules to obtain the greatest contrast 
between the two states in the guest-host mode; however, it is only achieved up to 
limited degree due to a random heat change. A degree of difference from ideal 
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condition of the orientation is calculated by quantity to be known as order parameter S 

given by the following formula. 

[0024] 

S =(1/2) (3cos 2 6 -1) 

Note that in the above formula, cos 2 9 means an average interval, and 0 means 
an instant orientation angle of guest dye molecules to an average orientation of host 
liquid crystal molecules. The determination of the value of the order parameter S can 
be fully understood referring to papers such as the one by D.L.White which has been 
aforementioned. 
[0025] 

The order parameter S in the complete orientation is 1 (that is, 0 is 0). The 
pleochroic dye which is to be used in a guest host mode liquid crystal device preferably 
has order parameter as close as possible to 1 and needs to have chemical, photochemical, 
and electrochemical stability as appropriate. It is necessary for pleochroic dye to be 
nonionic; the concentration of the pleochroic dye which is required to obtain a desired 
effect is considerably low in general; and enough solubility to a host liquid crystal is 
required. The concentration is selected so that absorbance in the range of 1.0 to 1.2 is 
provided in absorbing state of a normal device; however, the concentration depends on a 
thickness of a liquid crystal layer and absorption coefficient of the dye. The 
concentration of general pleochroic dye is less than or equal to lwt% of the host liquid 
crystal. 
[0026] 

In the present invention, a dichroic dye is used as the pleochroic dye. As the 
dichroic dye, an azo-based or an anthraquinone-based dye is often used, and a 
tetrazine-based dye or the like having negative dichroism is used. 
[0027] 

A representative example of the azo-based dye used in a guest-host mode in 
general is described in proceedings of the 7 ,h international liquid crystal conference 
(1981) 3U14, Ueno et. al, and "Liquid Crystal (application)", Baifukan, (1985) p35, 
Okano et al. In addition, a representative example of the anthraquinone-based dye is 
illustrated in G. Hepke et. al, Prod 5 ' European Display Research Conf. (1981) 25-, and 
"Liquid Crystal" (application) Baifukan, (1985) p36, by Okano et al. These dichroic 
dyes are preferably used in the present invention; however, the present invention is not 
limited thereto. 
[0028] 

Subsequently, a method for producing a liquid crystal device of the present 
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invention is described by giving an example of a method for producing a liquid crystal 
device having a structure illustrated in FIG. 1. FIGS. 2 and 3 are process drawings of 
the production example. In the drawings, reference numeral 1 1 denotes an ink-jet head, 
12; ink containing a dichroic dye, 13; a dichroic dye, 14; a host liquid crystal, and 15; a 
cell. The same symbols are used to denote the same members as FIG. 1. Each 
process is described as follows, and FIGS, (a) to (f) of FIGS. 2 and 3 are cross-sectional 
schematic view corresponding to the following processes (a) to (f), respectively. 
[0029] 

A process (a) 

A necessary member is formed over a substrate 1. In this embodiment mode, 
a common electrode 2 and an orientation film 3 are formed. In the case where the 
substrate 1 is a transmissive liquid crystal device, a transparent material such as glass is 
used in general, or a plastic film or a plastic seat can be used. Depending on a liquid 
crystal mode, or in the case of forming a reflective type liquid crystal device, an opaque 
substrate such as ceramics, color glass, or color plastic can be used. 
[0030] 

As the common electrode 2, a transparent conductive material such as ITO is 
preferably used in general. In addition, as the orientation film 3, a polyimide film or a 
polyvinyl alcohol (PVA) film which has been subjected to rubbing treatment; a film 
formed by obliquely depositing an inorganic material; or in the case where vertical 
orientation is required, a film using an organosilane typified by DMOAP represented by 
the following structural formula, hexadecylamine, myristic acid complex, or the like is 
preferably used. 
[0031] 

[chemical formula 1] 

DMOAP 

C.„H-, r 

C — N*- i -{C(-. <: ) i Sj(OCH i } i , 

cm' en, 
[0032] A process (b) 

A partition wall which divides each pixel without connecting the pixels to each 
other is formed. In this embodiment mode, an example of forming a black matrix 4 
which also serves as a partition wall is illustrated. That is, the partition wall 4 of the 
present invention can also serve as a black matrix for blocking light in adjacent pixels 
by being formed of a black material. Materials for the black matrix are not specifically 
limited; for example, the black matrix can be formed using, for example, a stacked-layer 
structure of metal oxide and metal, a black resin, or the like. Preferably, the black 



10 



English Translation of JP200 1-209073 



matrix can be formed of a black resin, and in this case, either of a photosensitive resin 
composition or a non-photosensitive resin composition can be preferably used. 
Specifically, in the case where a dichroic dye is applied to each pixel by an ink-jet 
method in a later step, it is preferable that a resin having a group such as a methyl group 
which is easily decomposed in a later step be used in a side chain of the resin so as to 
improve water-repellency of the black matrix. In addition, extra water repellant may 
be added to a formation material of the black matrix. 
[0033] 

As the black coloring agent contained in a black resin which is preferably used 
in the present invention, black pigment such as carbon black or black color organic 
pigment, or a black dye can be used. 
[0034] 

In the present invention, as a photosensitive resin component of a black 
photosensitive resin composition, a UV resist, a DEEP-UV resist, a UV curable resin, or 
the like can be selected to be used as appropriate. 
[0035] 

As the UV resist, a negative resist such as cis-polyisoprene-aromatic bisazide 
resist and phenol resin-aromatic azido compound resist, or a positive resist such as 
novolac resin-diazo naphthoquinone resist can be given. 
[0036] 

As for the DEEP-UV resist, as a positive resist, a radiolysis type polymer resist 
such as polymethylmethacrylate; polystyrene sulfone; polyhexafluoro butyl 
methacrylate; polymethyl isopropenyl ketone; and bromide polyl-trimethylsilyl propen, 
a dissolution suppressant positive resist such as cholic acid o- nitro benzil esters, and the 
like can be given. And as a negative resist, polyvinyl phenol 3, 3'- diazido diphenyl 
sulfone; polymethacrylic acid glycidyl, and the like can be given. 
[0037] 

As the UV curable resin, polyester acrylate, epoxy acrylate, urethane acrylate, 
and the like, in each of which one kind or two or more kinds of photoinitiator of 2 to 10 
wt% selected from benzophenone and the substitution derivatives; benzoin and the 
substitution derivatives; acetophenone and the substitution derivatives; oxime series 
compounds such as benzyl; and the like can be given. 
[0038] 

The black photosensitive resin composition is applied to the substrate 1 by spin 
coater, dye coater, dip coat, or the like; pre-cured with a hot plate or the like; and then 
exposed to light using exposure equipment having a wavelength in accordance with 



11 



English Translation of JP2001-209073 



sensitivity of the photosensitive resin composition and a mask having a predetermined 
pattern. After that, by performing development, when it is a negative type, a portion 
which is shielded from light with a mask at the time of light exposure is eluted by 
developer; a surface of the substrate is exposed; and an exposed portion remains as a 
black matrix pattern which also serves as a partition wall. After that, rinse is 
performed to wash away the developer and heating and drying process (postbake) for 
complete curing is performed so as to form a black matrix 4. Here, the complete 
curing is a process in which most of the solvent components in the black matrix 4 is 
vaporized and the black matrix is made in close contact with the surface of the substrate 
strongly. 
[0039] 

As a resin component of a non-photosensitive resin composition which can be 
used in the present invention, for example, polyimide, an acrylic acid monomer, 
urethane acrylate, and the like can be given. 
[0040] 

Similar to the case of using the photosensitive resin composition, a process for 
forming the partition wall using the non-photosensitive resin composition can be 
performed by forming a coating film of the non-photosensitive resin composition on the 
substrate 1, using a photoresist as a mask, etching the coating film, thereby forming a 
pattern. Alternatively, the pattern may be formed by lift-off using the photo resist. 
[0041] 

Furthermore, a method may be employed in which after the black 
photosensitive resin composition is once applied to a plastic material film to form a 
layer; the black photosensitive resin composition is transferred to the substrate 1, and 
patterned, thereby forming the black matrix. As the plastic substrate film to be used 
here, any kinds of plastic films can be used as long as they have flexibility that is stable 
chemically and thermally. For example, high density polyethylene (HDPE), low 
density polyethylene (LDPE), polyamide (PA), polystyrene (PS), polyether sulfone 
(PES), polyethylene terephthalate (PET), polyimide (PI), and the like can be given. 
[0042] 

In addition, as the black photosensitive resin composition used in the method, 
carbon black which is a black coloring agent or several kinds of colored pigments which 
are mixed and dispersed to be black is preferably used for the photoresist. In addition, 
as the solvent to scatter these coloring agents, for example, polyethylene 
glycolmonomethyl ether acetate can be used. In addition, as the photoresist, a novolac 
resin, polymethylmethacrylate, or the like is given for a positive type photoresist, and a 
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partial cis-polyisoprene, or polyvinyl phenol, or the like is given as a negative type 
photoresist. When a novolac resin or polymethylmethacrylate is used, it is preferable 
that diazonaphthoquinone sulfonate ester which is a photosensitive material be mixed in 
the alkaline soluble resin as dissolution inhibitor. Accordingly, diazonaphthoquinone 
sulfonate ester causes transition by light irradiation; and a dissolution prohibition effect 
disappears and alkali solubility increases, thereby functioning as a positive resist. 
Therefore, change in quality of materials is controlled, and stable processing is possible. 
[0043] 

First, a mold release agent is applied to one side or both sides of the plastic 
material film which has a thickness of preferably from 1 to 10 |am, more preferably 
from 3 to 8 urn so that dry thickness is from 0.05 to 0.1 jam. As the mold release agent 
used at that time, for example, a silicon type mold release agent is preferably used. 
[0044] 

Thereafter, a photosensitive black resin composition is applied to one side of 
the plastic material film on which the mold release agent is applied so that the thickness 
of the photosensitive black resin composition after being dried is from 1 to 10 urn, more 
preferably from 2 to 7 urn. As an application method, any method is applicable as 
long as a desired film thickness can be formed uniformly; for example, an application 
method such as spin coat, roll coat, bar coat, or dip coat can be given. After that, the 
photosensitive black resin composition is heat-cured and dried at a temperature of 
approximately 80 to 100 °C; then wound around a coil. Thus, the photosensitive black 
resin material can be applied for forming a layer uniformly and stored in a sheet state 
where the photosensitive black resin material is cured and dried. As a result, the pot 
life of the material is lengthened, which is advantage in material storage. 
[0045] 

The height of the partition wall relating to the present invention is determined 
optionally in view of dichroic ratio and absorbance of the dichroic dye; concentration in 
the liquid crystal composition; response speed at the time of movement; and the like; 
however, practical characteristics of the partition wall are shown in the range from 0.3 
(im to 20 jam; thus, the height of the partition wall is desirably determined in this range. 
[0046] 

Thereafter, a surface modification treatment of the surface of the substrate 
which is exposed to openings of the black matrix 4 (orientation film 3 in this 
embodiment mode) may be further performed. The surface modification treatment is 
preferably performed just before ink is applied. As a specific example of the surface 
modification treatment, ultraviolet treatment is given. By performing the treatment, 
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the surface of the substrate is cleaned, and wettability of the ink is improved. In 
addition, orientation treatment may be performed by the process without forming the 
orientation fdm 3. 
[0047] 

Subsequently, a thermosetting resin is applied to the top surface of the 
patterned shape black matrix 4 by roll coater, if necessary. The resin is used to bond 
the black matrix 4 and a counter substrate, and a sealing material for a general liquid 
crystal cell can be used. In addition, in the case where the black matrix 4 itself has an 
adhesive property, the thermosetting region may be omitted. 
[0048] 

A process (c) 

The opening of the black matrix 4 is denoted as a cell 15, and ink 12 containing 
a dichroic dye each has a predetermined color is applied to each cell 15 from an ink-jet 
head 11. As an application method of the dichroic dye, a general printing method such 
as offset printing, gravure printing, screen printing, or the like can be used; however, 
specifically, an ink-jet method is preferably used because a printing plate is not used. 
[0049] 

Preferably, the ink 12 used in the present invention is easily repelled in the 
black matrix 4, and the surface energy (surface tention) is usually to be 3xl0' 4 to 7xl0' 4 
Ntm. As a solvent of the ink 12, the one which includes water as its main component 
and also includes a hydrophilic organic solvent or the like is preferable; however, the 
composition is not limited. 
[0050] 

In addition, as the ink-jet method, a bubble jet type with the use of an 
electrothermal converter or a piezo-jet type using a piezoelectric device can be used as 
an energy generating device. In addition, a method such as an on-demand type or a 
continuous type can also be used. 
[0051] 

A process (d) 

The substrate 1 to which the ink 12 is applied is subjected to heat treatment and 
the solvent, water, and the like are vaporized so that only the dichroic dye 13 is left in 
the cell 15. The temperature, time, atmosphere, and the like of the heat treatment of 
the substrate 1 are selected as appropriate by several conditions of vapor pressure and 
the boiling point of the solvent or the like of the ink; heat resistance of the dichroic dye, 
requests from the process, and the like. Further, there is no problem of performing the 
process by other means such as reduced pressure, or using other means together. 
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[0052] 

A process (e) 

The substrate 1 to which the dichroic dye is applied is put under reduced 
pressure, and a liquid crystal 14 is applied to each cell. The application of the host 
liquid crystal is performed by remodeling a liquid crystal injecting apparatus so that the 
host liquid crystal can be dripped and a cell can be assembled in a reduced pressure 
chamber; disposing the substrate in the chamber; dripping the host liquid crystal 14 
using a dispenser so that each cell 15 is sufficiently filled; and depressurizing the 
chamber to exhaust air bubbles contained in the host liquid crystal 14. At this time, by 
controlling the chamber to be low temperature to some extent, the dichroic dye 12 is 
dispersed rapidly in the liquid crystal 13 to be a liquid crystal composition, which can 
prevent from mixing in adjacent cells. The host liquid crystal to be used is selected as 
appropriate in view of compatibility of the dichroic dye, a liquid crystal mode, and the 
like. 
[0053] 

A process (f) 

After defoaming is completed, bonding with the counter substrate 6 in which a 
predetermined material is formed in a reduced pressure chamber is performed. In this 
embodiment mode, as a counter substrate, an example of using an active matrix 
substrate in which an active device 7 such as a TFT (thin film transistor) and a pixel 
electrode 8 for each pixel and an orientation film 9 for an entire surface are formed over 
a transparent substrate 6, is illustrated; therefore, in the process, a device is assembled 
so that each cell corresponds to the pixel electrode 8. 
[0054] 

Thereafter, the reduced pressure chamber is returned to normal pressure; 
assembled liquid crystal devices are taken out to be subjected to heat treatment; an 
adhesive layer applied to the top surface of the black matrix 4 is cured to bond the 
counter substrate strongly; thereby obtaining the liquid crystal device of the present 
invention. By the heat treatment, at the same time, there is an advantage of heating the 
liquid crystal composition 5 to generate convection, and desirably, generate phase 
transition to an isotropic phase, so as to uniformly disperse the dichroic dye to the host 
liquid crystal in each cell. As for the condition of this heat treatment, it is determined 
by adhesive, a host liquid crystal material, and a dichroic dye material which are to be 
used as appropriate. In addition, the heat treatment may be performed in a reduced 
pressure chamber. Even more particularly, adhesion other than the one having a 
thermosetting property, such as an ultraviolet curing type can be used; in this case, after 
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a process corresponding to the type such as ultraviolet irradiation or the like is 

performed, heat treatment for dispersing the dichroic dye may be performed. 

[0055] 

An example of a color pattern of a liquid crystal device of the present invention 
is schematically illustrated in FIG. 4. Separate color pixels (cells filled with a liquid 
crystal composition) to which a dichroic dye of R, G, or B is applied is rectangle, and 
when a longitudinal direction of the pixels is to be an X direction and a direction 
perpendicular to the longitudinal direction is to be a Y direction, each pixel has the same 
size of 230 |am x 80 ^im, and pitches in the X direction and the Y direction are 300 jam 
and 100 um, respectively. And the color pixels having the same color are arranged 
straight in the X direction, and the pixels of each color are arranged so that color of the 
adjacent color pixels are different from each other in the Y direction. 
[0056] 

In the embodiment mode of FIG. 4, there are 480 color pixels in the X direction 
and 1920 color pixels (640 per color) in the Y direction, and as illustrated in FIG. 5, a 
9.4 inch size liquid crystal device having a screen size of 144 mm x 192 mm, and a 
diagonal length of 9.4 inches can be formed. Note that the screen size, the number of 
the color pixels (the number of the pixels), and the arrangement order are not limited to 
this embodiment mode. 
[0057] 
[Example] 
[Example 1] 

An alkali-free glass substrate with a thickness of 0.7 mm (manufactured by 
Corning Inc. No. 1737) is prepared, and an ITO electrode is formed over an entire 
surface. 
[0058] 

After the substrate is subjected to alkaline ultrasonic cleaning using 2% 
hydroxide aqueous solution and then subjected to UV ozone treatment, a resist material 
containing carbon black (negative resist ink for a black matrix manufactured by Nippon 
Steel Chemical Corporation "V-259 BK739P") is applied to so as to have a film 
thickness of 5 |im using dye coater. The substrate is heated by a hot plate at 80 °C for 
180 sec, thereby pre-curing the resist. 
[0059] 

Subsequendy, DEEP-UV exposure equipment is used; proximity exposure is 
performed using a predetermined pattern mask, and then, development is performed 
using spin developer with inorganic alkali solution; and further, rinse treatment is 
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performed with pure water to remove the developer completely; and heating at 200°C 
for 30 minutes is performed to conduct main curing, thereby obtaining a black matrix 
serving as a partition wall. 
[0060] 

A thermosetting resin is applied to the top surface of the black matrix which 
has an obtained predetermined pattern and also serves as a partition wall by roll coater. 
[0061] 

Subsequently, ink containing a dichroic dye of R, G, or B is applied to the 
openings of the black matrix by an ink-jet method. After applying the ink, the 
substrate is heated by a hot plate of 150°C for two minutes, and the solvent in the ink is 
vaporized so that only dichroic dye is left in the openings of the black matrix. 
[0062] 

Then, a liquid crystal injecting apparatus manufactured by Ayumi Industry Co., 
Ltd. is remodeled so that a liquid crystal can be dripped and a cell can be assembled in a 
reduced pressure chamber; the substrate to which the dichroic dye is applied disposed in 
the reduced pressure chamber; the host liquid crystal ("ZLI-4792" manufactured by 
Merck) (a nematic phase mode) is dripped using a dispenser; and the chamber is 
depressurized to 133 Pa so as to exhaust air bubbles. 
[0063] 

After defoaming is completed, the active matrix substrate in which a TFT and a 
pixel electrode are formed in each pixel is arranged so that each pixel electrode 
corresponds to each cell, the reduced pressure chamber is returned to reduced pressure 
to taken out the substrate, and heat treatment is performed at 180°C for 30 minutes with 
heating furnace, thereby obtaining a liquid crystal device of the present invention. 
[0064] 

The obtained liquid crystal device was bright, and a favorable display device 
having a wide viewing angle. 
[0065] 
[Example 2] 

A silicon type mold release agent is applied to both surfaces of a HDPE fdm 
with a thickness of 5 urn so that a dry fdm thickness is less than or equal to 0.1 p.m. 
After the fdm is dried well, a black photosensitive resin composition having the 
following composition is applied with a uniform thickness to a side of the fdm so that 
the dry fdm has a thickness of 7 ixm. Then, the fdm is pre-baked at 85°C and 
rewound. 
[0066] 
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[Black photosensitive resin composition] 
novolac resin 10 wt% 

diazonaphthoquinone sulfonate ester 1 wt% 
carbon black 10 wt% 

polyethylene glycolmonomethyl ether acetate 79 wt% 
[0067] 

An opaque light reflective substrate made by ceramics with a thickness of 0.7 
mm is prepared, and an ITO electrode is formed on the entire surface. A film in which 
the black photosensitive resin composition layer is formed is cut into a desired size to 
match with the substrate; the obtained film is pressed so that the black photosensitive 
resin composition layer is stacked on a substrate side; heat at a temperature less than or 
equal to 90°C and pressure are applied to laminate over the substrate; and then the 
HDPE film material is torn off, thereby transferring the black photosensitive resin 
composition layer to the substrate. 
[0068] 

Thereafter, after ultraviolet rays with light exposure of 30 mj/cm 2 is exposed 
through a photomask, development and rinse are performed in a normal manner, thereby 
forming the black matrix pattern which also serves as a partition. 
[0069] 

As an orientation process, a vertical alignment process is performed by 
DMOAP in the openings of the black matrix. In addition, a thermosetting resin is 
applied to the top surface of the black matrix with by roll coater. 
[0070] 

As in the case with Embodiment 1, ink containing a dichroic dye of Y, C, or M 
is applied by an ink-jet method, and after solvent is vaporized, a host liquid crystal is 
applied. In this embodiment, "ZLI-4792" manufactured by Merck to which "CB- 1 5" is 
added is used as the host liquid crystal. Then, in a similar manner to Embodiment 1, 
by attaching to the active matrix substrate, a liquid crystal device is obtained. 
[0071] 

The obtained liquid crystal device is bright, has a wide viewing angle, and 
superior display characteristics. 
[0072] 

Further, the host liquid crystal material used in this example is a liquid crystal 
material of which dielectric anisotropy which exhibits a cholesteric phase is positive, 
which is driven by a phase transition type guest host display mode as a liquid crystal 
composition which is mixed with a dichroic dye having a different emission color by an 
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orientation direction of molecules, and a reflective type liquid crystal device which does 
not have a dark side and displays contours clearly can be provided using an opaque 
substrate to one of substrates. 
[0073] 

[Advantage of the Invention] 

As described above, in accordance with the present invention, a liquid crystal 
device having favorable color display characteristics can be provided at low cost 
without using a color filter. 

[Brief Description of the Drawings] 

[FIG.l] A cross-sectional schematic view of an embodiment mode of a liquid crystal 
device of the present invention. 

[FIG. 2] A process diagram of an embodiment mode of a method for producing a liquid 
crystal device of the present invention. 

[FIG. 3] A process diagram of an embodiment mode of a method for producing a liquid 
crystal device of the present invention. 

[FIG. 4] A schematic view illustrating an example of a color pattern of a liquid crystal 
device of the present invention. 

[FIG. 5] A schematic view illustrating an example of a screen size of a liquid crystal 
device of the present invention. 

[Description of Reference Numerals] 



1,6 


substrate 


2 


common substrate 


3,9 


orientation film 


4 


black matrix 


5 


liquid crystal composition 


7 


active device 


8 


pixel electrode 


11 


ink-jet head 


12 


ink 


13 


dichroic dye 


14 


host liquid crystal 


15 


cell 



19 



